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ABSTRACT

Bone mineral measurements before and after space missions have shown
that weightlessness greatly accelerates bone demineralization. Bone mineral
losses as high as 1 to 3% per month have been reported. Highly precise
instrumentation is required to monitor this loss and thereby test the efficacy

of treatment. During the last year, a significant improvement has been made
in Dual-Photon Absorptiometry by replacing the radioactive source with an
x-ray tube. Advantages of this system include: better precision, lower patient
dose, better spacial resolution, and shorter scan times. The high precision and
low radiation dose of this technique will allow detection of bone mineral
changes of less than 1% with measurements conducted directly at the sites of
interest. This will allow the required bone mineral studies to be completed in
a shorter time and with greater confidence.

INTRODUCTION

It is well known that weight bearing bones demineralize if not subjected
to mechanical stress. While the mechanism of this bone loss is not understood,
it is clear that the reduced bone mineral density impairs the mechanical

integrity of the skeletal system and may result in bone fractures. X-ray
evidence of this demineralization is present at about 12 weeks in patients
immobilized by major fractures or paralysis. Manned space flights have
shown that extended periods of weightlessness have a similar effect. In US
space flights lasting as long as 3 months, loss of bone mineral has not impaired
the functional capabilities of astronauts. However, the prospect of extended
and repeated flights requires additional bone mineral research to protect the
health and insure the performance of space crews.

During the last year, a significant improvement has been made made in
Dual Photon Absorptiometry bone mineral measurement by replacing the
radioactive source with an x-ray tube. Many factors motivate this change.
The greater output flux of the x-ray tube permits shorter scan times and
better precision. The smaller focal spot permits better beam collimation
which results in better spatial resolution and lower patient dose. In addition,
elimination of the radioactive material simplifies licensing and eliminates the
need for yearly source replacement. These developments have been
commercialized to monitor bone disorders in the general public. This paper
discusses the operating principles of this new instrumentation and how it can
be applied to manned space flight.

BONE DEMINERALIZATION

A gradual loss of bone mineral is normal throughout adulthood. It has
been well established that bone mineral density decreases about 1% per year
with variation depending on the site examined (Krolner and Pors Nielsen,
1982; Riggs et al, 1982). Many mechanisms are responsible for accelerated
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bone loss beyond this natural ageing process. Bone demineralizationis a
significant health problem for post menopausalwomen. In the United States,
osteoporosisaffects some 15 to 20 million persons,and results in more than 1
million fractures annually. The lifetime risk of a hip fracture to a female in
the United Statesis about 15%,a similar risk as for breastcancer. Almost 20%
of these fracture patients die within six months, and it has been estimatedthat
40% of the survivors do not return to the independenceof their pre-fracture
life-style.

While osteoporosisis a significant problem to the general public, it is an
even greater problem to manned space flight. Bone mineral measurements
before and after extendedspace missions have shown that weightlessness
greatly acceleratesbone demineralization. Bone mineral losses as high as 1 to
3% per month have been measured(Andersonand Cohn, 1985). At this rate of
reduction,bone fracturescould be expectedin as little as 1-2 years. After
returning to a gravitational environment, this bone mineral loss is reversed
and at least someof the damageis repaired. Whetheror not the bone mineral
is restoredto a pre-spaceflight level is not clear. Measurementson the Skylab
astronautsfive years after their flights were lowe than before the flights and
lower than in controls (Tilton et al, 1980).

DUALPHOTONABSORPTIOMETRY

Drug, diet, and exercisetherapieshave been suggestedto reduce bone loss.
A critical part of any therapy program will be the ability to make highly
precise bone mineral measurements. Precision, or the ability to make
repeatablemeasurements,is necessaryto detect the small changes in bone
mineral that occur over a short period of time. In past experiments,the
imprecise measurementstechniques have yielded error bars nearly as large as
the results trying to be measured. The recently developedtechnique of X-Ray
Dual-Photon Absorptiometry (DPA) has been demonstratedto provide better
than 1% precision on measurementsof the spine and the hip. These are the
preferred measurementsites becausethey are the most common sites to be
fractured as a result of low bone mineral content.

Single Photon Absorptiometry(SPA), the predecessorof DPA, measures
bone mineral content by passing a monochromaticbeam of gamma rays
through the patient. The measuredgamma ray attenuationcan then be related
to the amount of bone mineral that the beam assesthrough. The significant
problem with SPA is that there is no effective way of separatingattenuation
due to bone from attenuationdue to soft tissue. This leadsto errors in
accuracy and precision.

Dual Photon Absorptiometrywas developedto better separate tissue from
bone. The instrumentationis similar to SPA, except a radionuclide is used that
emits photons at two distinct energy levels. The most commonlyused
radioisotopeis Gadolinium-153, which emits a group of gammarays at about 44
Kev and anothergroup at about 100 Key. Bone attenuatesthe lower energy
photons much more than the higher energy ones. Soft tissue, on the other
hand, attenuatesboth energy levels about an equal amount. This differential
attenuationallows the separationof bone from soft issue. Two equationscan
be written using the measured attenuationat the two energies. From these
two equations,the two unknownscan be found, namely the amount of soft
tissue and the amount of bone mineral.

Severalmethodshave been suggestedas to how to use an x-ray tube to
perform DPA. One approachis to shapethe x-ray spectrumby use of a rare
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earth filter. The beam exiting an x-ray tube contains x-rays of widely varying
energies. Fig. 1. shows the spectrumof two x-ray beamsafter passing
through filters containing rare earth elements. The high absorption of the
rare earth K-edges have removed x-rays with energies near the center of the
spectrum.This results in two clearly defined energy peaks. These two energy
peaks can then be used in the samemanner as the radionuclide scanners
which use the two energy peaks of Gadolinium-153.The broken line in Fig. 1.
was obtained for a Samariumfilter at 90 KV x-ray tube operation,while the
unbrokenline is fo Cerium at 80 KV. Thesetwo sets of operatingparameters
have both beenused in DPA systems.

SYSTEMPERFORMANCE

In 1988, Lunar Radiation completeddevelopmentof the Dual Photon X-ray
(DPX) system. The DPX systemis capableof whole body bone mineral scansas
well as localized scanssuch as the spine and hip. Spine scanstake
approximately4 minutes and require 1 mR patient dose. Spacial resolution is
approximately 2 mm.

Several thousandscanson spine phantomshave shown a DPX' precision of
about 0.5%. Monte Carlo simulationshave shown that this precision is limited
by quantum statistics of the detected x- rays, implying that better precision
can not be obtained without increasing the radiation dose. Several in vivo
spine studies have been completed on the DPX. As shown in Fig. 2, a normal 25
year old male volunteer was scanned daily over a period of 3 weeks. The
measured precision of this study is 0.8%, which is typical of other in vivo
studies conducted. It should be noted that no drift is observable in the data

over the three week measurement period. It should also be noted that the
radiation dose received by the volunteer for the entire study was no more than
for a standard chest x-ray. This combination of high precision and low dose
allows repetitive measurements to detect bone mineral changes as low as 1
percent.

CONCLUSION

The fundamental processes of bone demineralization during
weightlessness are poorly understood. Additional studies are required to
insure the health and effectiveness of space flight crews. X-ray
instrumentation developed during the last year has significantly improved the
ability to measure bone mineral, and the resulting integrity of the skeletal
system. The high precision and low radiation dose of this technique allows
detection of bone mineral changes of less than 1% with examinations
conducted directly at the anatomic sites of interest. This will allow the
required bone mineral studies to be completed in a shorter time and with
greater confidence.
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PRESENTATION VIEWGRAPHS
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CONCLUSIONS/CLOSING REMARKS

Robert S. Bandurski and Paul Todd

This conference marks a watershed between the period when space was being tested for safety and

the new period in which space is regarded as an important adjunct to our studies of biological, physical,

and chemical phenomena. It was implicit in the numerous presentations and discussions that there will

be increasingly frequent opportunities for experimentation in space, that generic hardware will facilitate

the performance of space experiments, and that there will be commercial utility to space. Most

importantly, there was a melding of physical and biological knowledge and an emphasis on how the

weak forces of gravity are able to affect organisms composed of covalent and non-covalently bonded
molecules.

It was correctly observed during the conference that it is the life forms that have developed, evolved,

and grown on earth that constitute the 1-g experiment. The micro-g, and fractional-g controls attainable

in space have, in general, rarely been done. We are now ready to study the micro-g controls and, for the

first time, to understand the effects of 1-g.

This conference has convinced us that complex biological systems will greatly contribute to our

knowledge of the physics of gravity.
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CONFERENCE DEDICATIONS

Professor George Nace

(Provided by Kenneth Souza)

George Nace was born in 1920 in Cogsville, Pennsylvania. His parents were missionaries in Japan

where, in his early childhood, he developed fluency in Japanese. During the second World War he was

actively engaged for 2-3 years as an interpreter with the occupation forces where his fluency in Japanese

was valuable. After his early years in Japan he came back to the United States, where he attended Reed

College in Oregon and earned a degree in Biology. He then went to UCLA and obtained his masters and

doctoral degrees in Zoology. Following a few years doing post-doctoral work, he joined the staff at the

University of Michigan in 1957, where he remained until 1984 when he retired as Professor Emeritus.
He died in 1987.

It was during his tenure at University of Michigan, that I first became acquainted with him and his

involvement in the frog rearing and culturing activities. He was a great proponent of ecological studies

of amphibia and an expert in their nurturing and rearing in the laboratory. By carefully controlling the

environment in which the amphibia were reared, Professor Nace could guarantee the quality of speci-

mens for the investigator. When Rana pipiens became difficult to obtain because of over-collection

during the 1960's and 70's, he became a supplier in every sense of the word. He founded his own

company and had facilities where he developed a feeding technique which enabled him to raise Rana

__piens through metamorphosis to the adult stage. A 1985 issue of Science magazine featured Professor

Nace and described his forte: the culture and rearing of a wide variety of "designer" amphibia or

genetically-marked strains.

In 1978 Professor Nace joined with John Tremor, Muriel Ross and me to develop the Frog

Embryology Experiment now scheduled to fly on Spacelab J. While he remained a member of the Frog

Embryology experiment his primary focus was on teaching, particularly in teaching students to convey

the message that amphibia could be raised in the laboratory setting. Some of his students returned to

Korea and Japan where, as a consequence, he came to be a recognized and respected expert in amphib-

ian biology. Over the past two decades Professor Nace served on a variety of NASA advisory commit-

tees and working groups. He was one of the first space biologists to recognize the need to include physi-

cists in the analysis of microgravity experiments. It was during collaboration with a few physicists at the

University of Michigan that Professor Nace developed what he called the torsional model of gravita-

tional effects on the cell. The subject and focus of this event is a tribute to some of the insights and ideas

of Professor Nace. I am pleased to dedicate this conference to him.
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Professor Per F. Scholander

(Provided by Robert S. Bandurski)

The Cells in Space Conference deals with the most exciting voyage on which humans have yet

embarked -- the voyage into space. Thus, it is singularly appropriate that this conference be dedicated to

Professor Per F. (Pete) Scholander -- a pathfinder of the first order. He knew that opportunities to under-

stand life processes lie at the fringes of our environment--where living creatures face extremes of cold

and heat, of wet and dry, of salty and salt free. He realized that it was at these extremes that life would

most vividly reveal its secrets. Of all scientists he would have shared our excitement at the prospects of

this journey into space.

Scholander was Professor Emertius of Physiology and the first Director of Scripp's Physiological

Research Laboratory. He was born in Orebo, Sweden on November 29, 1905, and moved to Norway at

an early age. He received his Doctorate in Medicine from the University of Oslo, Norway, in 1932 and

the Doctorum Honoris Causa from Uppsala in 1977. He was elected to the National Academy of

Sciences and the American Philosophical Society. He died on June 13, 1980, in La Jolla, a suburb of San

Diego, California, at the age of 74.

Scholander had many research accomplishments usually characterized by the use of extraordinarily

simple equipment, often built by himself, and capable of use in the extreme environments of the field.

These included the Wick Technique for measurement of fluid pressures in animals and the Pressure

Bomb for measuring solute osmotic pressures in plants. He was fascinated by the problem of getting

water to the top of tall trees and, in this connection, used a rifle to shoot down branches from 100-meter-

tall trees so their osmotic pressures might be measured. He investigated blood circulation and respiratory

problems in diving animals, particularly the physiological mechanisms which act to prevent oxygen

deficiency in brain tissue. He studied bradycardia, the cutting off of peripheral circulation, which devel-

oped in mammals upon submersion in water, or in fish upon removal from water. He studied climatic

adaptations in arctic and tropical animals and the dynamics of negative tissue-fluid pressures in animals.

He advanced the idea that an anti-free substance is present in fish living in polar waters and was among

the first to analyze the composition of gas bubbles in glacial ice to determine atmospheric conditions in

ancient times.

Professor Scholander was responsible for obtaining funds from the National Science Foundation for

building and operating the Alpha Helix--the world's first floating physiological biochemistry laboratory.

The Alpha Helix, in addition to well-equipped laboratories, had an ice breaking prow and the stern of a

Norwegian Whaler to carry scientists to the extremes of the world's climatic conditions.

How fitting that we should also dedicate this conference to Professor Scholander. We hope that

memories of his vision will accompany us into the environs of space.
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ATTACHMENT A

CELLS IN SPACE-II

CONFERENCE PARTICIPANTS

Dr. Rodney Ballard

NASA/Ames Research Center

Mail Stop N240A-3

Moffett Field, CA 94035

(415) 694-6748

Dr. Robert Bandurski

Department of Botany

Michigan State University

East Lansing, MI 48824

(517) 355-4685/6589

FAX (517)353-1926

Dr. Thomas Bj/Srkman

Department of Botany

KB- 15 University of Washington

Seattle, WA 98195

(206) 543-3944

Dr. Allan Brown

Gravitational Plant Physiology Lab
3401 Market Street

Suite 350

Philadelphia, PA 19104

(215)898-4908

Dr. Carlo Bruschi

Biotechnology Laboratory

East Carolina University
School of Medicine

Greenville, NC 27585-4354

(919) 551-3131

Dr. Paul X. Callahan

NASA/Ames Research Center

Mail Stop N240A-3

Moffett Field, CA 94035

(415) 694-6046

David K. Chapman

Gravitational Plant Physiology Lab
3401 Market Street

Suite 350

Philadelphia, PA 19104

(215)898-4908

Dr. Leonard Cipriano
LESC

Ames Research Center

Mail Stop N240A-4
P.O. Box 168

Moffett Field, CA 94035

(415) 694-6820

Dr. Donald Clifford

McDonnell Douglas Astronautics
P.O. Box 516

Bldg. 101A, Level 3, Room 340E

St. Louis, MO 63166

(314) 232-2896

Dr. Augusto Cogoli

Institute of Biotechnology

ETH-H6nggerberg
Ch 8093-Zurich

411-372-3683

FAX 411-372-0974

Dr. Gary W. Conrad

Bioserve Research Program - Ackert Hall

Kansas State University

Manhattan, KS 66506

(916)532-6662
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Dr. DanielCosgrove
Dept.of Biology, 202BuckhoutLab.
PennsylvaniaStateUniversity
UniversityPark,PA 16802
(814)863-3892

Dr. MichaelCronin
Genentech,Inc.
460PointSanBrunoBlvd.
SouthSanFrancisco,CA 94080
(415)266-1920

Dr. StanleyB. Curtis
Lawrence/BerkeleyLaboratory
M/S 29-100
Berkeley,CA 94720
(415)486-6389

BonnieDalton
NASA/AmesResearchCenter
Mail StopN240A-3
Moffett Field,CA 94035
(415)694-6188

Dr.DanielDeaver
Asst.Professor,Animal
Science/Physiology
103Dairy BreedingResearchCenter
PennsylvaniaStateUniversity
UniversityPark,PA 16802

MarkDeuser
SpaceHardwareOptimizationTechnology
P.O. Box 351
Floyd Knobs,IN 47119
(812)923-9591

Dr. JackieDuke
DentalScienceInstitute/Un.Texas
P.O.Box 20068,DentalBranch
Houston,TX 77225
(713)792-4161

Dr. EricDunlop
Dept.of ChemicalEng.
ColoradoStateUniversity
FortCollins,CO 80523
(303)491-6967

Dr.William Elmer
BiologyDepartment
1555PierceDrive
EmoryUniversity
Atlanta,GA 30322
(404)727-4210

Dr. TomFast
SantaClaraUniversity
NASA/AmesResearchCenter
Mail StopN240A-3
Moffett Field,CA 94035
(415)694-6583

Dr. GeorgeW. Fortner
BioserveResearchProgram,AckertHall
KansasStateUniversity
Manhattan,KS 66506
(913)532-6624

Dr. JohnFrangos
Departmentof ChemicalEngineering
PennsylvaniaStateUniversity
UniversityPark,PA 16802
(814)863-4812

Dr. WayneGonzalez
l_xx:kheedMissilesandSpaceCo.
6270GunterWay
SanJose,CA 95123
(408)756-5686

Dr. AlanGreenberg
EngineeringCenter
CampusBox 427
Universityof Colorado
Boulder,CO 80309
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Dr. RaphaelGruener
Universityof Arizona

College of Medicine

Dept. of Physiology

Tucson, AZ 85724

(602)626-6519

Dr. Wesley Hymer

Dept. Molecular and Cellular Biology

Pennsylvania State University
401 Althouse

University Park, PA 16802

(814) 865-9182

Shirley Guilbert
LESC

Ames Research Center

Mailstop N240A-4
P.O. Box 168

Moffett Field, CA 94035

(415) 694-6579

Dr. Roy Hammerstedt

Professor of Biochemistry
406 Althouse Lab

Pennsylvania State University

University Park, PA 16802

Dr. A. Tyl Hewitt

Wilmer Ophthalmological Institute

John Hopkins University and Hosp.

601 N. Broadway

Baltimore, MD 21205

(301) 955-7590

Dr. William Hinds

LESC

Ames Research Center

Mailstop N240A-4

P.O. Box 168

Moffett Field, CA 94035

(415) 694-6814

Robert Hogan

NASA/Ames Research Center

Mail Stop N240A-3

Moffett Field, CA 94035

(415)694-5248

Dr. Gary Jahns
NASA/Ames Research Center

Mail Stop N240A-3

Moffett Field, CA 94035

(415) 694-6595

Dr. John Kessler

Department of Physics

University of Arizona

Tucson, AZ 85721

(602)621-2797/6820/6800

(602)299-6522

Dr. Abraham Krikorian

Biochemistry Department

SUNY

Stony Brook, NY 11794

(516) 632-8568

Charles C. Kubokawa

NASA/Ames Research Center

Mail Stop N244-5

Moffett Field, CA 94035

(415) 694-5554

Ulrich Kuebler

Bionetics

Ames Research Center

M/S 240-9

Moffett Field, CA 94035

Joellen Lashbrook

NASA/Ames Research Center

Mail Stop N240A-3

Moffett Field, CA 94035

(415) 694-5682
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Dr. CharlesW. Lloyd
HealthMaintenanceFacility
SubsystemManagement
Krug International
Houston,TX

Dr. Marvin Luttges
BioserveResearchProgram
Universityof Colorado
CampusBox429
Boulder,CO 80309
(303)492-7613or 7713

RichardMains
MainsAssociates
2039ShattuckAvenue
Suite402
Berkeley,CA 94704
(415)548-1261

Dr. AndreaM. Mastro
Professorof Microbiology& CellBiology
431S.Frear
PennStateUniversity
UniversityPark,PA 16802

RichMcKenna
LESC
AmesResearchCenter
P.O.Box 168
Moffett Field,CA 94035
(415)694-6797

LauranceMilov
ExternalRelationsOffice
NASA/AmesResearchCenter
Mail StopN223-3
MoffettField,CA 94035

HeleneNajduk
ExternalRelationsOffice
NASA/AmesResearchCenter
Mail StopN223-3
Moffett Field,CA 94035
415-694-4034

Dr. ArthurJ.Olson
ResearchInstituteof ScrippsClinic
10666N. Toy PinesRoad
LaJolla,CA 90237
(619)554-9702

Dr. DelbertPhilpott
NASA
AmesResearchCenter
M/S 239-14
Moffett Field,CA 94035

YvonneRussell
Russmark,Inc.
602StendahlLane
Cupertino,CA 95014
(408)252-8316

Dr. RonSchaefer
LESC
AmesResearchCenter
Mail StopN240A-4
MoffettField,CA 94035
(415)694-4438

Ted Schnepp
LockheedMissilesandSpaceCo.
M/S0-53-51
Building580
Sunnyvale,CA 94088
(408)756-5940
(408)742-6139

Dr. P. K. Seshan
JetPropulsionLaboratory
Mail Stop125-112
4800OakGroveDrive
Pasadena,CA 91109
(818)354-7215

Dr. JeanD. Sibonga
MainsAssociates
1076CollegeAvenue
PaloAlto, CA 94306
(415)493-9441
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Dr. StevenSmith
FutureResearch
4310SouthMain St.
Murray,UT 84107
(801)268-8832

Dr. KaramF. A. Soliman
Dept.of Pharmacology
Rm. 104,DysonBuilding
FloridaA & M University
Tallahassee,FL 32307
(904)599-3306

Dr. MichaelSolursh
Departmentof Zoology
Universityof Iowa

Iowa City, IA 52242

(319) 335-1058

Dr. Gerald Sonnenfeld

Dept. of Microbiology & Immunology

University of Louisville School of
Medicine

Health Sci Center

Louisville, KY 40292

(502) 588-6323

Dr. Paul Todd

National Institute of Standards &

Technology

Center for Chemical Engineering 583.10

325 Broadway

Boulder, CO 80303

(303)497-5563

Dr. John Tremor

LESC

Ames Research Center

Mail Stop N240A-4

P.O. Box 168

Moffett Field, CA 94035

(415)694-6820

Dr. Steve J. Upton

Bioserve Research Program

Kansas State University

Manhattan, KS 66506

John Vellinger

Space Hardware Optimization Technology
922 Rochester Street

Lafayette, IN 47905

(317)474-4986

Kenneth Souza

NASA/Ames Research Center

Mall Stop N240A-3

Moffett Field, CA 94035

(415) 694-5736

Dr. Howard Wachtel

Engineering Center

Campus Box 425

University of Colorado

Boulder, CO 80309

Dr. Barry Taylor
Loma Linda Medical School

School of Medicine

Department of Microbiology

Loma Linda, CA 92350

(714)824-4480

Dr. Lynn Wiley
California Primate Research Center

University of California

Davis, CA 95616

(916)752-8421

Dr. Charles Winget

NASA/Ames Research Center

Mail Stop N240A-3

Moffett Field, CA 94035

(415)694-5753
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ATTACHMENTB

CELL RESEARCH EXPERIMENTS

(FLOWN/PLANNED)

1. Plant/Animal Cell Cultures

2. Oocyte/Embryo Development

3. Microorganisms

The following tables provide a recent collection of space cell research experiments

that have flown, or are planned. The experiments were obtained from a selected literature

search and are divided into three groups: Plant/Animal Cell Cultures, Oocyte/Embryo

Development, and Microorganisms.

Information provided in the tables includes: the name of the experiment, the mission

on which it was flown/planned and the year, a brief description of the flight hardware,

and a reference source (see Attachment D). In addition, the table for Plants/Animal Cell

Cultures provides the organism used for the culture. The experiments are arranged in

ascending order according to the date of the mission and each has been assigned a

number for references purposes.

Several experiments refer the reader to the Cell Research Flight Hardware

descriptions in Attachment C (obtained from references in Attachment D).
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ATTACHMENT C

CELL RESEARCH HARDWARE/FACILITIES

(FLOWN/PLANNED/EXISTING)

1. Cell Research Flight Hardware

2. Groundbased NASA Facilities
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